In this supplementary online material we present data and analysis of the Rashbatype spin splitting in Pb QWS in an ultra-thin Pb film of 8 ML thickness prepared on heavily p-doped Si(111). We find that the Rashba parameter is the smallest among the here studied systems which is in-line with the presented interface dipole model and the corresponding screening of the interface dipole. We will also show that the influence of the doping concentration on the spin splitting in Pb QWS can neither be explained by a semi-classical approach via the penetration depth of the QWS wave function into the barrier at the metal-substrate interface nor by the bare Rashba model.
S1. Rashba effect in Pb QWS on p-type Si(111)
In our study we have also measured spin splittings of QWS prepared on heavily p-doped Si(111) [hereafter Pb/p-Si]. Our results are summarized in Fig. S1 . Figure S1 We now show that the reduction of the Rashba parameter is well explained by the inter-face dipole model although, at a first glance, this finding seems to be in conflict with the found dependence of α RB in Pb QWS on n-type Si that increased with increasing donor concentration.
In Figs. S2 (a, b) we draw the schematic energy band diagram for Pb in contact with p-type Si for the case of (a) low and (b) high acceptor concentration. In the framework of the interface dipole model the Schottky barrier is calculated via
where I S is the ionization energy of the semiconductor, Φ M is the work function of the metal and V int the dipole induced voltage drop.
According to Figs. S2(a, b) the valence band edge of Si(111) equals the SB, i.e. E 0 = φ SB p . As already mentioned in the main text, the polarity of the parallel plate capacitor in Pb/p-Si is such that the electric field generated from the ionized (negative) acceptors points from the Pb toward the Si side and is therefore parallel to the electric field generated by the interface dipole. The parallel alignment of both electric fields results in an inverted dependence of the screening of the dipole upon increasing the acceptor concentration; increasing the acceptor concentration increases the electric field in the capacitor and due to the parallel alignment the voltage drop at the interface increases. Consequently the SB decreases (I S and φ M are constant) and so does the energetic distance between the band edge and the QWS. The decreased energetic distance alters the phase shift at the metal-substrate interface such that the QWS becomes more delocalized in the Pb film. This lowers the Rashba parameter because less charge density contributes to the local spin splittings at the Pb cores.
Our explanation is well reproduced by DFT calculations. Figure S2 To summarize, while in Pb on n-type Si the Rashba parameter is found to increase with donor concentration, in Pb on p-type the opposite dependence is likely present, i.e. a decrease of α RB with increasing acceptor concentration. 
S2. Semiclassical penetration model
In the following we discuss the results of the study of Ref.
2 which investigated the influence of the barrier shape at the metal-substrate interface on the energetic positions of occupied and unoccupied QWS in Pb on n-Si(111) using scanning tunneling spectroscopy. The authors follow the idea that the Schottky barrier is independent on the doping concentration (corresponding to the Schottky limit) and that the confinement barrier for electrons approaching the substrate interface can be modeled via
where E [111] = 9.685 eV is the distance between the top of the s-like band of Pb in the Γ-L direction, z D is the depletion layer width and Θ is the Heaviside function. Based on this model one would expect a larger penetration depth of the envelope function of the QWS into the substrate with a higher doping concentration, as schematically illustrated in Fig. S3 (a).
According to the particle-in-the box model the eigen-energy E n ∝ d However, in our experiment we find the same behavior of the energetics as a function of donor concentration which is exemplary shown in Fig. S3(b) . The state in Pb/h-Si is at lower binding energy compared to the state in Pb/l-Si(111), which strongly supports the interface dipole model for Schottky barrier formation. For clarity in Fig. S3(c) we compare also normal emission spectra of QWS in Pb on the heavy p-and heavy n-type doped Si substrate. As already discussed the QWS in Pb/p-Si is more delocalized than in Pb/h-Si resulting in a larger binding energy at k = 0Å −1 . 
S3. Electric field contribution to the Rashba effect
and determine the corresponding energy splittings at k = 0.24Å −1 . For Pb/h-Si (high ntype doping) we obtain E M-S,h = 1.37 MVm 
